The comprehensive role which the acid humoral mechanism of nerve cell stimulation (Gesell, Brassfield and Hamilton, 1942) may play in the integrations of the nervous system as a whole rests on the soundness of the theory of humoral intermediation of nerve cell stimulation in the centers, a view not generally accepted. Best and Taylor (1939) believe that "Little direct evidence (Italics ours) can be cited in support of the concept though certain suggestive observations have been cited," and Bard (1941) believes 'While there is almost universal agreement that immediate control of the slowly acting effecters by autonomic fibers is mediated by chemically specific substances liberated at the nerve terminations the evidence bearing on central synaptic transmission certainly favors the electrical theory."
These half-centers react delicately to chemical stimuli and to well-known sensory drives.
Some of these drives run in specialized nerves and thus permit analysis of specific reflex activities in relation to the neurohumoral theory.
Finally, the precise information in the activity patterns of normal breathing offers a criterion of comparison which can leave no question of whether or not duplication of normal central nervous integration has been attained by artificial administration of extrinsic acetylcholine.4 RESULTS.
1. The reproduction of physiological activity by acetylcholine. An increase in the intensity of breathing is demonstrated with several methods of administration of acetylcholine, intravenous, intra-arterial (cerebral arteries) and intraventricular onto the floor of the fourth ventricle.
Injected intravenously, as in figure lA, an augmentation of breathing occurs which in a few minutes subsides to normal.
This response might well be a combined effect of acetylcholine upon the chemoceptors and the respiratory center, for Heymans et al. (1936) have demonstrated that the carotid body is highly sensitive to acetylcholine.
Such a double site of action of acetylcholine is illustrated in figures 1B and 1C. In figure lC, 0.1 mgm. of acetylcholine was injected into the right common carotid artery after denervation of the corresponding carotid body to limit its effects to the center only. In figure 1B the same amount of acetylcholine was injected into the left carotid artery with the innervation of the corresponding carotid body intact.
This larger response is, therefore, regarded as the sum of peripheral and central excitation.
v. Euler, Liljestrand and Zotterman (1941) "look upon the sinus region as a sort of nervous center with a peripheral localization of the same general type as in the olfactory or optical peripheral organ. " Nerve cell activation is thus involved in peripheral as well as central stimulation.
Our present paper however deals specifically with the controversial problem of central intermediation. To establish a purely central action acetylcholine is injected into one of the cerebral arteries, either after denervation of all known respiratory chemoceptors or during cold block of the chemoceptor afferents (Hering's nerves and cervical vagus nerves).
This procedure produces a remarkably smoothly co-ordinated hyperpnea ( fig. 1D ).
The precaution required to obtain such results is to avoid excessive doses. If the injection is too rapid, there may be a momentary reduction of breathing similar to that in figure 1C . More often there is a perfect combination of adjustments of increased frequency of breathing, and of increased intensity of both inspiratory and expiratory components, so similar to physiological hyperpneas as to warrant the belief that a truly physiological activity has been produced by an artificial administration of acetylcholine. The shortness of the latent period following injection (about 2 sec.) points unquestionably to a central action but the ultimate proof that the response is a truly physiological activity rests on the basic similarity of the activity patterns of the opposing muscles to those of normal breathing. This point will be established below.
2. On the impossibility of segregating the two dominating central excitatory efects of acetylcholine.
From the observations of others on simple cholinergic systems, Fig. 1 acetylcholine should exercise two central excitatory effects: 1, a direct excitation at the synapses of the respiratory nerve cell; 2, a potentiation of the effects of all impulses impinging at these nerve cells. If that assumption holds, acetyl-choline would be expected to produce a varied response of the centers consistent with the general volume and pattern of impinging signals existing at the moment. A comparison of figures ID and 1E seems to support this view for the experimental conditions differ presumably only in the flow of sensory signals.5 In 1D all vagal afferent impulses are eliminated by double vagal block whereas in 1E they are returned by vagal deblocking before acetylcholine is injected into the carotid artery.
In the latter the frequency of breathing is increased much more and the amplitude is increased much less. Since acetylcholine could hardly have reached the aortic bodies in time or in concentrations to account for the altered response, central potentiation of the highly excitatory vagal proprioceptive reflexes seems to be the likely explanation of the difference of response.
This explanation suggests the impossibility of segregating the direct excitatory action of extrinsic acetylcholine from the potentiating action on "intrinsic acetylcholine" (i.e., acetylcholine deposited by nerve impulses). We believe that these two effects actually do work hand in hand in the central nervous systems, under all conditions, experimental or otherwise.
The proof of this joint action, through the so-called potentiation of impinging nerve impulses will also be presented below.
3. Just as the steam valve in the locomotive shunts the steam pressure (sum total of asynchronous impacts) from one piston to another so is reciprocal inhibition conceived to be the nervous gadget which shifts the relatively steady head of nervous drives (sum total of asynchronously impinging impulses) from one half-center to another and thus converts a chaotic stimulation into an orderly event (Gesell, 1940) .
We believe experimental support for this concept of nervous integration is found in the effects of sensory nerve stimulations on breathing, in which either the inspiratory or the expiratory components of dual excitatory afferents (of the vagus and the saphenous and of the chemoceptors) add one to another as one readily adds the stimulating effects of one injection of acetylcholine to another (Gesell and Hamilton, 1941) . During the expiratory phase of breathing when the expiratory half-center dominates the respiratory act, one expiratory drive adds to the other, regardless of its origin or of the temporal relation of one group of signals to the other (faradic stimulation from individual coils was used). During the inspiratory phase of breathing, heterogeneous inspiratory excitatory impulses add one to another in a similar way.
Consequently it seems that quantity of impulses or more specifically, the summation of depositions of lingering acetylcholine into a smoothed effect becomes the critical factor in reflex excitation just as the amount of extraneous acetylcholine injected is the factor determining the intensity of response.
Is it not advisable to look for neuro-architectural machinery in which the pattern of structure rather than pattern of impulses exercises the dominating influence on motor integration?
The first prerequisite in this concept is the proof that the respiratory center is capable of responding in a rhythmical way to a steady drive.
That was provided many years ago by the continuance of rhythmical breathing after dorsal root deafferentation of the respiratory center (Marckwald, 1888) and more recently by the continuance of rhythmical discharges in the phrenic nerve after immobilization by curari (Winterstein, 1911; Bronk and Ferguson, 1935) . The second prerequisite is the proof that the discharge of the respiratory center robbed of its normal periodic afferent drive still has the same general basic pattern of activity of a physiologically intact animal. Here, too, the answer is positive (Gesell, Atkinson and Brown, 1940) for action potential studies have demonstrated that the activity of the respiratory center during curari poisoning is not only rhythmical but is organized in co-ordinated details.
It must follow that steady drives which motivate breathing, regardless of their source (chemoceptors, nociceptors, proprioceptors, etc.) are converted by the inherent structure of the respiratory center into geometric patterns of motor activity characteristic of normal breathing.
This pertinently conforms with the requirements of neurohumoral integration, for a relatively slow rate of destruction of acetylcholine is adaptable for a fusion of incoming impulses into a common steady drive. The actual "pooling" of acetylcholine, therefore, becomes an integral part of nervous integration.
The third step in the concept of structural dominance in motor integration
consists in determining the basic activity pattern of the response of the respiratory center to the shapeless stimulation provided by arterial injection of extrinsic acetylcholine. Specifically-are the geometrical activity patterns of normal breathing retained or are they lost in acetylcholine hyper'pnea?
The answer to this question is found in part in figures 2, 3, 4, 5 and 6.
5. Proof of the basic similarity of physiological hyperactivity of the respiratory center and that produced by extrinsic acetylcholine.
The slowly augmenting inspiratory pattern of eupnea is not only preserved but actually intensified by acetylcholine hyperpnea.
(Compare fig. 2B with 2A, 3B with 3A and SQ, R, S, T and U with 4A, B, C and D. The fusillades in figs. 2 and 3 are recorded from the phrenic nerve and those in figs. 4 and 5 from respiratory muscles.) It must be recalled that the characteristic triangular configuration of the normal eupneic inspiratory pattern shows a progressively increasing activity during the course of each individual inspiration and that the increasing amplitude of the electrical record is the combined result of an increasing frequency of activity (either of nerve cells or muscle fibers) and of a progressive recruitment of newly activated units (Gesell, Atkinson and Brown, 1941) . Both factors lead to a growing summation of increasingly coinciding potentials which reaches a maximum at the end of the inspiratory act.
The accentuation of the inspiratory activity pattern (fusillade) by arterial injection of acetylcholine is evidence in itself that the standard integration of normal inspiratory activity is employed by the respiratory center in extrinsic humoral hyperpnea. Note the increasing fusillades in figures 5Q, R, S, T and U and compare with the eupneic fusillades in figures 4A, B, C and D. But if the electrodes are fortunately situated in a relatively inactive portion of a muscle, they will register the individual activity of one or more newly recruited units and reveal step by step the manner in which eupnea is intensified and the characteristic activity pattern retained during hyperpnea produced by the central action of acetylcholine (see figs. 6A to M).
When breathing is relatively stable, as it commonly is after vagotomy, the performance of individual muscle units is also relatively dependable, to the extent that an incompletely recruited muscle unit will begin to twitch at an appointed moment and at an appointed increasing twitch frequency schedule, and that it will deliver a relatively uniform number of twitches per inspiration, let us say 7 as in figure 6A . If physiological hyperpnea were now to be produced that particular unit would immediately contribute to the respiratory response in several ways. It would begin to twitch longer and at a higher frequency and it would deliver a greater number of twitches per inspiration. While this unit was progressively reaching its maximum activity other newly recruited units would join the contraction at the very end of inspiration and go through a similar process. The same general scheme of integration holds for hyperpneas produced by the central action of acetylcholine. This is illustrated in figures 6A, B, C and D where 0.12 mgm. of acetylcholine is injected into the carotid artery of a chemoceptively denervated dog. The effects come on in less than two seconds and therefore are unquestionably central. The electrical changes of the internal intercostal muscle were recorded on a rapidly moving paper to give better definition to the potentials. The smoked record which runs much more slowly is, however, suited to show the changes in depth of breathing and is included in the The discrete potentials superimpose t,hemselves upon a background fusillade of slowly developing intensity (very faintly visible).
The appearance of the discrete twitches in the latter third of normal inspiration 6A is evidence that the normal mechanism of recruitment of muscle units is at work to meet the need of increasing mechanical energy of that individual inspiration, and respirations 6B, C and D, appearing immediately after acetylcholine show the extension of the normal mechanism of recruitment into hyperpnea. The incompletely recruited unit still speeds its pace with each inspiration in hyperpnea as it did in eupnea. It twitches for a longer period and at a higher maximum frequency and in respiration 6B it delivers 10 tugs instead of 7. Often the first inspiration of hyperpnea develops very slowly and by its prolongation tends to throw the recruited unit off its regular schedule when judged by the moment of onset of twitching, but that disturbance disappears in the next inspiration, 6C. Here the activity begins much earlier in the inspiratory phase, it lasts twice as long, and delivers 2.6 times as many twitches, which means an appreciable increase of gross frequency of twitch.
The maximum frequency of twitch is higher than it is in 6B, and approximately twice that of the control inspiration 6A.
Figures 6E, F, G, and H show that the same mechanism of gradation of hyperpnea is operative when eserine (0.4 mgm.) instead of acetylcholine is injected into the carotid artery. The prolonged and slow development of the first inspiration after eserine (6F) disturbs the schedule as it did above, but in the following inspirations this unit responds in a manner typical for acetylcholine. It twitches over a longer portion of the inspiratory phase, and at a higher maximum twitch frequency and it delivers approximately 27 tugs as compared with the initial 17.
In figures 61, J, K, L and M there are two units whose activity can be followed. There is a completely recruited unit which during eupnea ( fig. 61 ) contracts from the very beginning of inspiration and through the entire inspiratory phase. There is also an incompletely recruited unit which becomes active in the second breath after acetylcholine, 6K. This unit can be distinguished from the completely recruited unit by its taller electrical deflection. As is usual for this animal, the activity schedule of the muscle units is disturbed in the first prolonged inspiration after injection. The total number of twitches delivered by the completely recruited unit falls from 20 to 11, but in the next breath which is of the same duration as that of eupnea, twitching is back to schedule (20 per inspiration). That agrees with our concept that a completely recruited unit cannot be pushed by increasing stimulation beyond a set limit, which in turn agrees with the decrease of the number of twitches of this unit as the duration of the succeeding inspiration shortens. The incompletely recruited unit however answers to the increasing respiratory drives in the usual way. In breath 6K it begins to twitch only after its fully recruited mate had delivered its 7th twitch, in breath 6L it becomes active after the 5th twitch, and in breath 6M it has almost reached complete recruitment.
It now joins the contraction after the second twitch of its mate. In breath 6K it contributes 14 tugs, in breath 6L which is considerably shorter it nevertheless delivers the same number of twitches which is indicative of increased activity.
In breath 6M, which is also short, it delivers a total of 18 twitches. It is apparent that these two muscle units have followed the orderly rules of integration which are expected in physiological hyperpnea.
We have the evidence that expiratory muscular activity is intensified by acetylcholine and eserine in the same manner as is the activity of the inspiratory muscles.
The triangularis sterni which contracts in the slowly augmenting way, characteristic of all inspiratory muscles, shows an intensification of activity and of pattern like that illustrated in figures SQ, R, S, T and U, and 6A to M. It remains only to state that we have also abundant electrical data showing a highly co-ordinated intensified interaction of the half-centers in which the frequency of alternation of activity is greatly augmented in conjunction with augmented intensity of discharge of the individual half-centers.
The electrical records are the counterpart of what might be expected in figure 1H where the spirometer tracing clearly indicates greater power and greater frequency of inspiratory and expiratory contractions. It is, therefore, suggested that the electrical data on the respiratory muscles contain the direct evidence required to establish the duplication of central coordinated nervous integration common to physiological hyperpnea by extrinsic acetylcholine.
6. Some e$ects of acetylcholine placed on the floor of the fourth ventricle. Sensitivity of the fourth ventricle to chemicals (Nicholson, 1936; Nicholson and Sobin, 1938) recommends localized application of minute quantities of acetylcholine and eserine as employed by Miller on the cortex.
Simple hyperpnea is the common effect ( fig. 7 ). Sometimes breathing is intensified but retarded ( fig. 8) as it is by intravenous injection of eserine ( fig. 10 ). Both inspiration and expiration are strengthened, the latter holding inspiration in abeyance and accounting for the prolonged expiratory phases.
These results suggest a central potentiation of the dual excitatory vagal proprioceptive reflexes for the vagi are intact. The breathing resembles that resulting from sustained inflation of the lungs which is known to increase the dual excitatory drive of the vagus nerve (Gesell, Brookhart and Steffensen, 1937; Gesell, 1940) . These analogous effects indicate that intensification of stretch receptor activity by pulmonary inflation and potentiation of normal unintensified stretch receptor reflexes by extrinsic acetylcholine are equivalent phenomena.
In figure 9A where the vagi are cut, the powerful inspiratory excitatory reflexes of the vagi are missing.
The effects are predominantly expiratory. 7. The similarity of effects of extrinsic and intrinsic acetylcholine.
Sporadic deep breaths and high frequency of breathing (figs. lA, B, H and I and 12B) are rather characteristic effects of extrinsic acetylcholine in vagally intact animals whereas a slower and more even type of breathing in which inspirations are markedly prolonged is more peculiar to the effects of acetylcholine in vagotomized individuals (see figs. 1D and F) .
The respiratory response to chemical stimulation of the carotid body or to faradic stimulation of Hering's nerve (both of which in the light of the evidence of this paper releases intrinsic acetylcholine) is modified in the same way by the elimination of the vagal reflexes (Gesell, 1940) . Note the prolongation of second inspiration in figure 3B by acetylcholine.
This indicates that the administration of extrinsic acetylcholine is comparable in its effects with those of a continuous release of intrinsic acetylcholine by faradic stimulation of Hering's nerve. We believe that either extrinsic or intrinsic acetylcholine is capable of providing comparable steady states of stimulation and that both potentiate and consequently interact in similar ways with incoming impulses. Thus, if powerfully stimulated inspirations (Hering nerve stimulation or extrinsic acetylcholine) are unsupported by the inspiratory excitatory vagal reflex and its accompanying inspiratory interrupting component (expiratory excitatory drive) inspirations tend to be deep but slow (compare figs. ID and lE, 1G and 11, and IF and 1H) . If on the contrary the inspiratory excitatory reflex and its interrupting component are intact, inspirations tend to be swift and brief and of uneven depth (see figs. lB, H and I).
8. The central potentiation of reflexes by acetylcholine. Dale and his associates have regarded potentiation of indirect stimulation or of extrinsic acetylcholine by eserine or prostigmine as an important step in the proof of humoral intermediation in all outlying cholinergic systems (including the sympathetic and parasympathetic ganglia). Various attempts made from time to time to establish potentiation in central humoral intermediation have met with less convincing results than those on the simpler systems where potentiation is now accepted as fact. The uncertainty rests on the variability of findings. A single reflex is found to be either strengthened or weakened, or one particular reflex is found to be intensified while another is paralyzed. This is hardly surprising or contradictory if it be remembered that the nerve cells of the central nervous system are continuously bombarded by impulses of varying and unknown number, that acetylcholine is capable of producing diametrically opposite effects (stimulation or paralysis depending upon its concentrations), and that inhibition of one reflex may be the expression of excitation of another reflex entirely overlooked.
The observation that acetylcholine produces rapid and forceful breathing when supported by the highly excitatory vagal proprioceptive reflexes (figs. 1H and I) was interpreted above as a possible example of potentiation.
More direct evidence for this important phenomenon was sought with artificially induced reflexes. Figures 11A and 1lB show the effects of 1.5 mgm. of acetylcholine in Ringer's solution placed on the floor of the fourth ventricle upon the respiratory response to pulmonary inflation. The lungs were inflated by weighting a specially constructed steel spirometer, floating on mercury (Gesell and Moyer, 1935) , which allows a continuous recording of breathing.
The retardation of breathing during pulmonary inflation attended by marked intensification of the inspiratory act and prolongation of the expiratory phase (11A and 11B) is evidence of an active stimulation of the vagal proprioceptive reflexes. Plain Ringer's solution before inflation of the lungs had no effects upon breathing and, therefore, presumably none during inflation. Acetylcholine in Ringer's solution, however, called forth a preliminary retardation of breathing of its own and a prolonged compression of the lungs (witnessed by the downward stroke of the spirometer tracing) and a sharp increase in the inspiratory excursions. This retardation of breathing before pulmonary inflation is interpreted as a dominant expiratory excitation holding inspiration in abeyance through reciprocal in-hibition. The greater retardation of breathing during increased pulmonary inflation is regarded as a potentiation of the dominating expiratory reflex. Figures 12A and B show potentiation of hyperpnea produced by faradic stimulation of right Hering's nerve.
Chemical stimulation of the carotid bodies was avoided by appropriate crushing of both Hering's nerves. The vagus nerves were left intact.
Acetylcholine evoked an increase of hyperpnea of approximately 35 per cent (10 instead of 7 deep breaths).
Much greater potentiation is not uncommon.
The heightened rhythm of the breathing is interpreted as a potentiation of the vagal proprioceptive reflexes which are normally so active in driving both half centers and whipping up the frequency of breathing.
In figures 13A , B and C both vagus nerves as well as both Hering's nerves were cut. Hering's nerve was then stimulated for periods of 30 seconds before, during, and after injection of acetylcholine into the vertebral artery.
In contrast to figure 12 in which stimulation of Hering's nerve had vagal proprioceptive support the effects of potentiation were on the amplitude rather than on the frequency of breathing.
This increase in amplitude was primarily inspiratory. To sum up: Figure 11 illustrates potentiation by extrinsic acetylcholine of an expiratory reflex, figure 13 a disproportionate potentiation of an inspiratory reflex, and figure 12 a relatively even potentiation of inspiratory and expiratory activity because the frequency of breathing is increased.
9. Central potentiation of the respiratory response to extrinsic acetylcholine by eserine. Figures 14A, B and C show the potentiating effects which eserine (placed on the floor of the fourth ventricle) had on the respiratory response to similar placement of 0.4 mgm. of acetylcholine. Before eserine (14A) acetylcholine had no apparent effects. After two placements of 0.1 mgm. of eserine (14B and C) which by themselves had no effects, 0.4 mgm. of acetylcholine produced a definite increase of breathing (14C). Figure 9B shows a potentiation by eserine of a predominantly expiratory effect produced by acetylcholine on the floor of the fourth ventricle after double vagotomy. Compare with the effects of acetylcholine before eserine in figure 9A .
10. Central potentiation of artificial rejlexogenic stimulation by eserine. Normally faradic stimulation of the chemoceptor afferents is expected to increase the depth of both inspiration and expiration illustrated in figure 15A (Gesell, 1940) . This probably depends upon the simultaneous impingement of chemoceptor impulses at both the inspiratory and expiratory half-centers. Deeper inspirations and deeper expirations produced by stimulation of Hering's nerve after eserinization ( fig. 15B ) point to a potentiation of each of the dual excitatory effects of the chemoceptor impulses, i.e., to a greater accumulation of intrinsic acetylcholine at the individual half-centers. Figure 16A to H shows the effects of stimulation of the superior laryngeal nerve before and after injecting 1 mgm. of eserine (stimulation at intervals of about 1, 3, 8, 18, 23, 42 , and 58 min. after injection).
The usual expiratory compression of the lungs (see spirometer tracing) agrees with the predominantly expiratory excitatory effect of this nerve. This compression was increased in succeeding stimulations B, C, D and E, for a period of 23 minutes following eserinization. Following record F potentiation of this reflex disappears.
The response of the facial muscles to stimulation of the superior laryngeal nerve shows even more striking potentiation (downstroke inspiration). During eupnea ( fig. 16A ) the response is weak and subsides quickly.
One minute after eserine ( fig. 16B ) the response is slightly greater, and in the next ten stimulations there is a rapid, powerful, rhythmical response followed by prolonged afterpotentiation.
These effects decrease slowly and vanish within one hour after the injection of eserine.
The prolonged "after-hyperpnea" in the facial muscles following stimulation is interpreted as an "after-discharge" caused by excessive pooling of highly protected acetylcholine.
The appearance of accessory respiratory contractions of the facial muscles in record B is most probably an expression of a slowly developing potentiation of the physiological reflexogenic drives of these muscles resulting from the prolonged effects of eserine.
DISCUSSION.
The reproduction of physiological activity in the respiratory center through the intermediation of extrinsic acetylcholine is significant in several ways.
First of all it differs from the reproduction of activity in the outlying cholinergic systems (nerve muscle units, e.g.) in its composite nature, i.e., in the interaction of interrelating parts (true nervous integration). Contrast the peripheral with the central.
A motor nerve impulse releases acetylcholine at the motor end plate and produces a single twitch in the corresponding muscle unit. Such twitches are reproducible by close and rapid arterial injections of a minute quantity of acetykholine.
Tetanic contractions can also be reproduced either by a massive or a prolonged administration of acetylcholine. So long as threshold concentrations of acetylcholine exist, the muscle will respond repeatedly to this steady stimulus.
Such reproductions of activity are but examples of physiological stimulation in its simplest strations of nervous integrations.
forms and are scarcely to be regarded as demonOn the other hand when extrinsic acetylcholine acts upon the respiratory center a composite of highly integrated changes in nervous activities develops.
1. An increased frequency of alternation of inspiration with expiration.
2. An increased depth of inspiration.
3. An increased depth of expiration. 4. Earlier interruption of inspiration. 5. Earlier interruption of expiration. 6. A more rapid acceleration of inspiratory muscle twitching during the course of inspiration. 7. A more rapid and greater recruitment of active inspiratory units. 8. A more rapid acceleration of expiratory muscle twitching during expiration. 9. A more rapid and greater recruitment of active expiratory units during expiration.
10. A most probable increased intensity of reciprocal inhibition between half-centers for the increased intensity of the forces of stimulation at both half-centers must be held in reciprocal check.
All of these changes are the result has but two attributes-quantity and of an exceedingly crude stimulation which duration. Thus neuro-architectural structure was concluded to be of paramount importance in breathing.
The question of the relative importance of architectural and sensory pattern is frequently raised and notably by Weiss (1941) , who has shown that transplanted sections of the spinal cord exhibit rhythmical activity which is augmented by increased activity of the host, suggesting a similarity to experimental hyperpnea produced by extrinsic acetylcholine.
While the volume and the receptor source of afferent impulses are of undoubted value in motor integration it is nevertheless pertinent to realize that the inherent architectural machinery of the respiratory center and its inherent activity can and does actually determine the pattern of inflowing signals (Gesell, 1940) . For example, the progressively augmenting activity of the inspiratory center during each inspiration stretches the lungs, increases the discharges of the stretch receptors, and augments the inspiratory excitatory component of the stretch reflex thereby intensifying the inherent inspiratory activity which is in progress. Inherent central activity and centrally motivated proprioceptive reflexes are consequently of the same progressively augmenting pattern and therefore build smoothly one into the other. Thus vicious cycles must develop which require co-ordinated machinery to interrupt the pyramiding activity.
Logically one looks to simultaneous pyramiding stimulation at the opposing half-center to accomplish this end.
The factor of mass stimulation is in favor of the predominating role of neuroarchitecture for in the greater response of the respiratory center to greater quantities of acetylcholine the typical pattern of nervous activity is retained or even intensified.
All findings seem to fit the view that acetylcholine potentiates the effects of acetylcholine. This potentiation may be merely the result of a simple addition of acetylcholine at the site of stimulation. In order that this phenomenon of summation (accumulation) may play a role in nervous integration it is essential that a fraction of the acetylcholine released by a nerve impulse should outlive the interval between impinging signals. The greater the sum total of impinging impulses the greater should be the accumulation of acetylcholine. Consequently the myriads of impulses composing the inspiratory excitatory reflex should increase in power by virtue of the pyramiding effects of increasingly large residual fractions of acetylcholine accumulating at increasing frequencies as the rate of discharge of the stretch receptors mounts. Thus greater power is very simply provided as it is needed.
Pooling of acetylcholine at the cardinal points in any nervous circuit becomes the paramount tool of nervous activity.
Control of pooling becomes the means of gradation, lack of control the source of into-ordination.
Robbed of its normal supply of impulses a nervous circuit must labor under disadvantage.
Granted that humoral intermediation of nervous integration has been demonstrated in the respiratory act it seems fair to assume that a similar mechanism functions in all nervous integrations. On that point we extend the logic of Forbes (1939) who stated "if it is finally established that intercellular transmission is chemically mediated in such widely different systems as neuro-muscular junctions of smooth and striated muscle and the synapses of ganglia, the operation of a wholly different mechanism in the histologically similar synapses of the central grey matter would be a most surprising anomaly".
SUMMARY AND CONCLUSIONS
Central neuro-humoral nerve cell activation was studied on the respiratory act of the dog.
It was found that acetylcholine produced hyperactivity of the respiratory injected intra-arterially or applied to the floor of the fourth
